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1	Introduction
In the last RAN#98e, the new WID on NR sidelink evolution was updated to further specified the already studied aspects [1]. Objective#2 of the agreed WID aims to specify the operation of sidelink on unlicensed spectrum. The details of the objective as agreed are stated below.
	2. Specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.




In this paper, we discuss the physical channel design framework including system aspects, physical channel structures and physical layer procedures. 
[bookmark: _Ref178064866]2		System aspects
2.1	Organization of resources
In NR SL, time and frequency resources are configured to the UE in the form of resource pool configuration. The use of resource pools for SL-U has been agreed in RAN1#109-e to be used. Furthermore, subchannel is defined as part of resource pool configuration and determines the minimum scheduling granularity for PSSCH transmission in the frequency domain. Per WID, existing SL features should be used as a baseline. In the last RAN1#109-e and RAN1#110, the following was agreed with respect to the organization of resources in NR SL:
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets

Agreement
At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.
· Note: whether or not additional candidate S-SSB occasions are excluded from resource pool will be discussed after the details of additional candidate S-SSB occasions are clearer



In the last RAN1#110 meeting, it was agreed that the minimum granularity in the frequency domain for interlace operation is one sub-channel. However, there are a couple of configuration restrictions that must be assumed for SL-U.

(1) The size of the resource pool in the frequency domain cannot be smaller than a channel size (e.g., 20 MHz) on an unlicensed band. This is because LBT is performed per channel (e.g., 20 MHz) basis and there is no advantage of configuring a resource pool smaller than a channel size. This has also been included in our reply to RAN2 in the related LS [2]. 
(2) The subchannel size cannot exceed a channel size (e.g., 20 MHz) on an unlicensed band. This is because the subchannel size exceeding a channel size will restrict the coexistence of UEs supporting different bandwidths and produce bandwidth fragmentation because LBT is performed per channel. 

[bookmark: _Toc127544495]RAN1 assumes that a resource pool is always configured following these constraints:
· [bookmark: _Toc127544496]The resource pool is not configured with a size smaller than the LBT bandwidth.
· [bookmark: _Toc127544497]The subchannel size cannot exceed the channel size, i.e., 20 MHz.
Intra-cell guard bands appear in wideband operation, i.e., operation in a larger band than the minimum channel size of 20MHz, in order to mitigate the adjacent channel leakage and blocking. In order to achieve an easier procedure for resource allocation, we propose that the intra-cell guard bands are always an integer number of RBs within the wideband.
[bookmark: _Toc127544498]The intra-cell guard bands are always an integer number of RBs within the wideband.
Another aspect discussed during the last RAN1#110-bis-e meeting was the organization of the S-SSB slots and whether these slots are included in the resource pool, i.e., similar to PSSCH/PSCCH, or they are excluded from the resource pool. It was agreed that following the legacy behavior the S-SSB slots as defined in Rel-16/17 are excluded from the SL resource pool. However, the decision on the additional S-SSB occasions to be defined in Rel-18 for SL-U was not reached. In our view, for SL-U the new occurrences of the S-SSB slots (our understanding of these new occurrence is shown in Section 4.3) should follow the same principle used in Rel-16/17 for S-SSB slots and should be excluded from the resource pool.
[bookmark: _Toc127544499]S-SSB slots (Rel-16, Rel-18) are excluded from the resource pool similar as S-SSB slots in legacy.
3	Physical layer structure
In this section, we describe the physical layer structures for the operation of SL-U.
3.1 	Starting positions and SL slot length
In RAN1#109-e, it was agreed to use slot-based transmission following the procedures defined in Rel-16 and Rel-17 as follows:
	Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0

Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length, down-select one of the followings:
· Option 1: The reference symbol length is dynamically indicated by Tx UE
· Option 2: The reference symbol length is determined based on 1st starting symbol
· Option 3: The reference symbol length is determined based on 2nd starting symbol
· Option 4: The reference symbol length is (pre-)configured 



For NR operation in unlicensed spectrum, it is desirable to use short slots. This not only allows for reduced transmission latency but also increases the number of transmission opportunities. One way to realize this is by using mini slots. That is, having PHY transmission structures with different durations (i.e., number of symbols). However, having transmissions of different lengths (by different TX UEs) within a slot creates sudden changes in RX power, which results in a need for retuning the AGC. For these reasons, mini-slot operation should not be supported in SL. However, for SL-U operation the use of LBT mitigates this issue to some extent. The differences in performance when using one or two symbols are presented in Figure 1. We note two things:
· There is an advantage in using two starting points. 
· There are significant differences in performance between choices of the second starting point. Our results show that starting on symbols [0,7] results in the best results. If the starting symbols are set to be [0,5], a large part of the gains of having multiple starting positions disappears, as shown Figure 1.

[image: ]
[bookmark: _Ref118728358]Figure 1. System performance with different number of starting points.
[bookmark: _Toc127544500]The second candidate starting symbol is fixed to symbol 7 (with numbering 0-13).
In practice this means that no new PSSCH ending symbols are defined. That is, irrespective of the starting position of a SL transmission, it runs until the end of the slot (i.e., until the symbol before the last-symbol GP or until the symbol before the GP for PSFCH, if applicable).
[bookmark: _Toc118700805][bookmark: _Toc127544501]No new PSSCH ending symbols are defined for SL-U
3.2 	AGC symbol design with multiple starting positions in a slot
	Agreement
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot



The presence of an AGC symbol in SL is motivated by the need at the RX UE side to adjust the AGC loop to an unknown RX power that may greatly vary in every slot depending on the distance(s) between the TX UE(s) and the RX UE. From a TX UE perspective, it is sufficient to assume that the symbol will not be available for decoding the SL transmission and design it accordingly. The RX power may only change significantly in the starting and ending points for SL transmissions, as illustrated in Figure 2. 
[image: ]
[bookmark: _Ref127353861]Figure 2. Types of impairments to AGC operation due to asynchronous change of trasmitters.
However, in unlicensed spectrum sudden changes in RX power are less likely due to the use of LBT. If the interfering TX UEs are within EDT range of each other (Situation 1 in Figure 3), they will typically not transmit at the same time, meaning that neither of the types of AGC impairments in Figure 2 will happen in practice. If the interfering TX UEs are not within EDT range of each other (Situation 2 in Figure 3). This is, however, a typical hidden node problem. In such situation, it is not only that the AGC of the RX UE may be impaired due to sudden changes of RX power (see Figure 2). The problem is bigger in the sense that the transmissions from TX UE1 and TX UE2 will easily collide (i.e., take place on overlapping radio resources). Solving the AGC issue will hardly help in that case.
[image: ]
[bookmark: _Ref127354102]Figure 3. TX-RX situations. In situation 1, both TX UEs are in EDT range of each other (i.e., LBT can prevent collisions). In situation 2, TX UE1 and TX UE2 are no in EDT range of each other (i.e., LBT will not prevent their collisions. Mode 2 sensing will likely not work either).


In conclusion:
· From a TX perspective, only the first symbol in a SL transmission needs to be regarded as AGC symbol. In fact, for MCSt the only necessary ACG symbol is the first one in the first slot of the MCSt. However, realizing this would imply having multiple PSCCH formats to be blindly decoded at the RX UE.
· From a RX perspective, there is no need to specify any behavior. The RX UE will track the RX power accordingly. The RX UE can safely assume that the first symbol in the start of the (re)transmission of a TB is an AGC slot. This includes the first symbol in case the (re)transmission spans the full slot or the symbol corresponding to the second starting point if the (re)transmission spans only part of the slot.
This TX/RX behavior together with the reuse of PSFCH format 0, which includes 1 AGC symbol, is fully compatible with our proposal to have PSFCH transmissions at the start of a slot (see Section 4.1).

[bookmark: _Toc127365673][bookmark: _Toc127371714][bookmark: _Toc127544502]Regarding TX behavior, for PSCCH/PSSCH transmission starts from 1st starting symbol, there is only 1 symbol for AGC purpose.
[bookmark: _Toc127544503]No RX behavior for AGC is specified. It is expected that UE implementation matches the TX behavior.
[bookmark: _Toc127544485]This TX/RX behavior together with the reuse of PSFCH format 0 is suitable for having PSFCH transmissions at the start of a slot.
3.2	Physical channels
In this section, we describe our view on the impact and enhancements to physical channel design for SL operation in unlicensed spectrum. In general terms, the structure of the PHY channels introduced in Rel-16 (PSCCH/PSSCH, PSFCH, S-SSB) is also suitable for operation in unlicensed spectrum. However, the impact of the regulations (esp. channel access) must be studied. We discuss several aspects in the following sections.
[bookmark: _Toc127544486]The legacy structure of the PHY channels, i.e., PSSCH/PSCCH and PSFCH, and the S-SSB are suitable as a baseline for SL operation in unlicensed spectrum. 
3.2.1	Interlacing
3.2.1.1	PSCCH and PSSCH
In earlier meetings, RAN1 agreed to support interlacing for PSCCH/PSSCH transmissions and even on some initial design aspects:
	Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported
Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, RAN1 further study the followings:
· Option 1: 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
· Option 2: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 3: 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
· Option 4: 1 sub-channel is defined within 1 RB set or 2 adjacent RB sets, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 5: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set 
· FFS: whether/how to use intra-cell guardband PRBs




One preliminary issue to discuss is whether interlaced and non-interlaced transmissions can be combined. In the past, there were some proposals to use both procedures, i.e., contiguous and interlaced RB-based, simultaneously in the same resource pool. However, in our view, the combination of both procedures within the same resource pool should not be supported since such combination results in a complicated pool configuration without any evident benefit.

[bookmark: _Toc127544504]SL-U does not support a combination of interlace RB-based transmission and contiguous RB-based transmission for PSSCH and PSCCH in the same resource pool.
In our view, it is desirable to have a unified design for interlaced and contiguous transmissions. The simplest way to unify both approaches is to use a mapping between the RBs in a subchannel and the RBs in an interlace. We propose the following design for interlacing in a resource pool with Nsubch subchannels, each of them consisting of NRB,subch adjacent RBs:
· Resource allocation operates on a sub-channel basis, using the corresponding procedures (e.g., from Rel-16 with potential enhancements see [3]). 
· For transmission the TX UE selects Nsel sub-channels (in Mode 2) or is granted Nsel sub-channels by the gNB (in Mode 1, using DCI or RRC).
· If contiguous (i.e., non-interlaced) transmission is configured, the UE transmits using the RBs of the allocated sub-channels.
· If interlaced transmission is configured, the UE applies a mapping from sub-channel RBs to interlace RBs. This is illustrated in Figure 4 for K=1 and in Figure 5 for K=2.
· For reception, the RX applies the reverse mapping (e.g., for decoding, sensing, etc.).
[image: ]
[bookmark: _Ref111207236]Figure 4: Mapping of the RBs in the different sub-channels to interlaces for K=1. In this example the 4 RBs in each subchannel are mapped to the 4 RBs in an interlace.
[image: ]
[bookmark: _Ref127209531]Figure 5: Mapping of the RBs in the different sub-channels to interlaces for K=2. In this example the 4 RBs in each subchannel are mapped to two interlaces of 2 RBs each.

This simple design has multiple advantages:
· Resource allocation procedures are identical for interlaced and contiguous modes. Moreover, Rel-16 procedures can be largely reused in both cases, as explained in [2].
· Transmissions span the full range of frequencies of the resource pool.

[bookmark: _Toc127544505]In SL-U, each interlace is defined as a mapping by a mapping of RBs in a sub-channel.
In our view both an RB and the corresponding interlace should be confined to a single RB set. In addition, a UE requiring multiple sub-channels for transmission should prioritize selecting them within a single RB set. A UE should only selected resources in multiple RB sets if necessary. That is, a UE should only select resources in multiple RB sets for large amounts of data (i.e., when requiring sub-channels beyond the number of configured sub-channels in one RB set).
[bookmark: _Toc127365679][bookmark: _Toc127371720][bookmark: _Toc127544506]One sub-channel is defined within one RB set.
If a UE selects sub-channels belonging to multiple RB sets then it may use the intra-cell guard band RBs. In our view, it is desirable that the interlaces follow a pattern even across RB sets. If the number of RBs in the intra-cell guard band NRB,intracell is a multiple of the number of sub-channels in the RB set Nsubch, then this can be easily achieved by expanding each of the interlaces with NRB,intracell / Nsubch of RBs. But in general, this is not the case. If the same mapping between sub-channels and RBs in the interlace is used for adjacent RB sets, then there is a discontinuity in the interlace spacing, as illustrated in Figure 6.
[image: ]
[bookmark: _Ref127206007]Figure 6. Two RB sets with a sub-channel to interlace mapping that results in an irregular interlace.
To avoid irregular patterns, we believe that the mapping should be configured with a different offset for each RB set. This is illustrated in Figure 7: 
· In the first RB set (20 MHz to the left), the mapping between sub-channel and interlace starts with the first sub-channel (in green).
· In the second RB set (20 MHz to the right), the mapping between sub-channel and interlace starts with the third sub-channel (in blue).
· In this way, it is possible to have interlaces with equally spaced RBs, even if the allocation spans both RB sets and the additional (intra-guard) RBs are used.
The mapping between sub-channel RBs and interlace RBs uses an independent offset for each RB set to ensure wideband interlaces with equally spaced RBs.
[image: ]
[bookmark: _Ref127206080]Figure 7. Two RB sets with a sub-channel to interlace mapping that results in a regular interlace.
3.2.1.2	PSFCH
In earlier meetings, RAN1 agreed to support interlacing for PSFCH/PSSCH transmissions but design aspects are missing:
	Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.
Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives




In our view, it is important to conclude the details of the SL HARQ procedure before deciding a structure for PSFCH, including:
· Whether to support multiple SL HARQ FB occasions and, if so, how many.
· How to convey feedback for MCSt.
We foresee that in a single occasion, multiple PSFCH transmissions may take place at the same time:
· From different UEs (e.g., acking FDMed PSCCH/PSSCH transmissions). This was already considered in the Rel-16 design.
· From the same UE (e.g., acking multiple TBs from a MCSt, etc.). This is a new requirement.
It is thus clear that the number of distinguishable PSFCH transmissions (e.g., through orthogonalization in frequency or code domain or by using additional sequences) must be increased w.r.t. what would have been used for Rel-16. Our preference is to use a simple design, where each PSFCH transmission occupies and interlace and rely on having multiple sequences. This is a good tradeoff between PSFCH capacity, performance and UE complexity.
[bookmark: _Toc127544507]When interlacing is used, each PSFCH transmission occupies an interlace.
Additional details related to SL HARQ FB and PSFCH are provided in Section 4.1.
3.2.1.3	S-SSB
	Agreement
For S-SSB transmission, down-select one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
FFS: whether transient period issue exists and whether/how to address it




Several options have been discussed in order to meet the different regulation requirements for S-SSB transmission, i.e., OCB and PSD requirements. In our view, the simplest way that fulfills the regulatory requirements is to include interlace for the S-SSB transmissions.

[bookmark: _Toc127544508]In order to meet the OCB and PSD requirements the S-SSB transmissions are interlaced for all S-PSS/S-SSS/PSBCH.
3.2.2	Impact on GP 
In SL, a guard period is used to allow TX-RX switching. However, in case of transmission burst spanning multiple slots, the presence of the GP at the end of each slot will require a UE to perform CCA/LBT before each transmission. Therefore, if SL transmission in consecutive slots, e.g., CO is desired the current GP design needs to be modified in order to enable it.
[bookmark: _Toc127544487]The GP design needs to be modified in order to enable SL transmission in consecutive slots.
This issue is discussed in our companion paper [3]. We copy here the proposals for completeness:
[bookmark: _Toc111113878][bookmark: _Toc127350138][bookmark: _Toc127544509]A UE transmits during the guard period if it intends to transmit in the following symbol (e.g., when using MCSt) if the COT is not exhausted.
[bookmark: _Toc127350139][bookmark: _Toc127544510]If the GP symbol is not used, then it carries PSSCH symbols.
3.2.3	CP extension 
	Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details




In our view, CPE should be used as a tool to mitigate inter-UE blocking (see [3]). For this purpose, a CPE of a few us is sufficient, well within the OFDM symbol duration for all numerologies up to 60 kHz.
[bookmark: _Toc127544511]CPE is transmitted within the symbol just before the next AGC symbol (Option 1).
For PSFCH, we believe that it is important to know if the starting symbol of a PSFCH can coincide with the starting symbol of some other SL transmission. Otherwise, 0 seems the most appropriate choice.
[bookmark: _Toc127544512]RAN1 to progress further the design of the SL HARQ FB procedure before deciding the value of CPE for PSFCH.
Regarding CPE for other PSCCH/PSSCH, our view is that transmissions on reserved resources should be given preferential access to the channel. Otherwise, the entire Mode 2 framework for SL-U is not useful.
[bookmark: _Toc127544513]For PSCCH/PSSCH, transmissions on unreserved resources use CPE. Other transmissions do not use CPE (i.e., CPE value 0).
4	 Physical layer procedures
4.1	Transmission of HARQ feedback
RAN1 made the following agreement regarding the SL HARQ FB procedure: 
	Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity



Note also that RAN1 also made the following agreement that relates the SL HARQ feedback procedure and the starting points in a slot:
	Agreement
Slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH.


Regarding transmission of PSFCH two design choices are possible:
· PSFCH resources are dedicated exclusively for transmission of PSFCH, in the same way as for Rel-16. That is, no other SL transmission may take place during the PSFCH resources.
· PSFCH resources are shared with other SL transmissions (i.e., they are not dedicated exclusively for transmission of PSFCH). 
In our view, using the legacy design presents multiple challenges. First, it may prevent the use of MCSt. In legacy sidelink, all transmissions were limited to a single slot. In contrast, for SL-U the use of MCSt is supported. Although the details of MCSt are still being discussed, we expect that a TX UE may occupy the channel a consecutive number of slots ranging from 1 to the maximum number of slots allowed in a COT. If PSCCH/PSSCH shall not be transmitted in PSFCH resources, the advantages of MCSt will be reduced or the feature may be unusable altogether (i.e., if N_PSFCH=1). As we show in the following, leaving gaps for PSFCH in the slots comes at a significant penalty in terms of UPT.
[bookmark: _Toc127544488]Having dedicated PSFCH resources in every slot (i.e., N_PSFCH=1), in which no other SL transmission can take place is detrimental in terms of UPT.
Using a larger value for N_PSFCH implies that PSFCH can only be transmitted every N_PSFCH slots. This increases the probability that a third device grabs the channel between a PSCCH/PSSCH transmission and the corresponding PSFCH. If HARQ feedback is not transmitted, the TX UE is forced to increase CW and to retransmit the packet. This not only increases the channel access time for the TX UE (thus reducing the UPT) but also increases the load in the channel (due to unnecessary retransmissions). This is particularly harmful for MCSt, when multiple TBs are to be acknowledged simultaneously.
[bookmark: _Toc127544489]Having dedicated PSFCH resources with N_PSFCH>1 also reduces UPT and increases the chances that PSFCH cannot be transmitted.
[bookmark: _Toc127209886][bookmark: _Toc127365651][bookmark: _Toc127371692][bookmark: _Toc127544490]It is desirable to minimize the time between PSCCH/PSSCH and the corresponding PSFCH.
Nonetheless, having PSFCH transmissions in pre-determined resources is desirable from the point of view of complexity and efficiency (e.g., having a simpler PSFCH format).
[bookmark: _Toc127544514][bookmark: _Toc127187900][bookmark: _Toc127365694][bookmark: _Toc127371735]For SL-U, there are no slots with dedicated PSFCH symbols. The resources are shared with other SL transmissions. The channel access procedures regulate access to the channel.
[bookmark: _Toc127544515]SL HARQ feedback is conveyed by PSFCH on resources derived from the PSCCH/PSSCH transmission (including potential multiple PSFCH occasions).
If there are no slots with dedicated PSFCH symbols, it is desirable to reconsider the location of PSFCH transmissions within a slot. In Rel-16, it was agreed to use the last symbols in a slot. For a 14-symbol SL slot, symbols 11 and 12 carry PSFCH, whereas symbols 10 and 13 are left as GPs (numbering 0-13). Figure 8 illustrates the use of the Rel-16 design for SL-U for sl-MinTimeGapPSFCH = 2.
[image: ]
[bookmark: _Ref127178956]Figure 8. PSFCH transmissions using the last symbols in a slot (Rel-16 design). Between PSCCH/PSSCH and the corresponding PSFCH, other SL transmitters may start a COT in the up to 4 starting points. 
We note that between the end of the PSCCH/PSSCH and the start of the corresponding PSFCH there are 4 starting points in which other SL UEs may initiate their PSCCH/PSSCH transmissions, thus blocking the transmission of PSFCH. Note that such transmissions may occupy the channel for many slots if they use MCSt.
Figure 9 illustrates an alternative design in which PSFCH transmissions occupy the first symbols in a slot (i.e., symbols 0 and 1). This design approximately halves the interval between PSCCH/PSSCH and the corresponding PSFCH, thus reducing the probability that a different SL UE accesses the channel. The PSFCH transmission may content with other transmissions starting at the same time, but strategies to avoid inter-UE blocking may be used to mitigate the issue, 
Note that other RATs (e.g., WiFi) may access the channel asynchronously at any time between the end of the PSSCH and the start of the PSFCH. The shorter the interval, the smaller the likelihood.
[image: ]
[bookmark: _Ref127179393]Figure 9. PSFCH transmissions using the first symbols in a slot. Between PSCCH/PSSCH and the corresponding PSFCH, other SL transmitters may start a COT in only 2 starting points. 
[bookmark: _Toc127544516]PSFCH transmissions take place in symbols 0 and 1 in a slot.
[bookmark: _Toc127187872][bookmark: _Toc127209858][bookmark: _Toc127209888][bookmark: _Toc127187873][bookmark: _Toc127209859][bookmark: _Toc127209889][bookmark: _Toc127183501][bookmark: _Toc127187874][bookmark: _Toc127209860][bookmark: _Toc127209890]If PSFCH transmissions take place in the first part of a slot, other UEs transmitting PSCCH/PSSCH can easily avoid collisions by skipping the first starting point in the slot, as illustrated in Figure 10 UEs may avoid using the first part of a slot if they are aware of an expected PSFCH transmission.
[image: ]
[bookmark: _Ref127187642]Figure 10. PSFCH transmissions using the first symbols in a slot. The PSCCH/PSSCH transmission (in green) does not start in the first starting point of the slot to allow for transmission of the PSFCH related to an earlier PSCCH/PSSCH transmission (in blue).
[bookmark: _Toc127544517]A TX UE avoids using the first starting point in a slot if it expects a PSFCH transmission by another UE.
We discuss this issue further in [3].
Irrespective of which symbols carry the PSFCH transmission, there is some chance that the channel is occupied by a third UE (e.g., a hidden node) and that the SL HARQ FB cannot be conveyed, as illustrated in Figure 11.
[image: ]
[bookmark: _Ref127179999]Figure 11. PSFCH transmission blocked by other SL transmissions (PSCCH/PSSCH).
In our view, the most efficient way to mitigate the impact of LBT failure on PSFCH transmissions is to allow a more flexible timing relation between a PSSCH and its associated PSFCH. Specifically, each PSSCH may be allowed to be acknowledged by more than one PSFCH occasion. An example is given in Figure 12, where there are up to 3 PSFCH occasions to acknowledge one PSCCH/PSSCH. In this example, the first two PSFCH occasions cannot be used due to LBT failures, only the last occasion is used. Another benefit of having multiple chances to transmit a PSFCH is that if a HARQ FB cannot be transmitted in one PSFCH occasion (e.g., due to lower priority compared to another HARQ FB), it can be transmitted in a later occasion. This is important for acknowledging multiple TBs at the same time (e.g., a MCSt). Such possibility is not allowed by the legacy Rel-16 design.
[bookmark: _Toc127544491]The Rel-16 SL HARQ FB procedure is vulnerable to LBT failure prior to PSFCH transmissions and may force some SL HARQ FB to be dropped unnecessarily. 
[bookmark: _Toc127544518]For SL-U, there are multiple PSFCH occasions to acknowledge a PSCCH/PSSCH transmission. 
[bookmark: _Toc127544519]SCI indicates the number of PSFCH occasions to acknowledge a PSCCH/PSSCH. 
[image: ]
[bookmark: _Ref101820128]Figure 12: Example of multiple (three) PSFCH occasions associated with one PSCCH/PSSCH. In this example, the Rx UE can only send the HARQ FB in the last PSFCH occasion due to LBT failure in the first two PSFCH occasions. The principle remains the same if PSFCH is carried in the first symbols of a slot.
Regarding the resources used for transmissions of PSFCH (time, frequency, sequence, CS), some changes are necessary. In our view:
· Time (i.e., slot) is determined access to the channel. As stated above, a PSCCH/PSSCH transmission in slot  may be acknowledged in any slot up to . For example, in slot .
· Frequency (i.e., RB if interlacing is not used; interlace otherwise) is determined by the index of the sub-channel carrying PSCCH.
· The sequence ID and the cyclic shift are determined as a function of:
·  which is, the slot  where PSFCH is transmitted relative to the slot  of the corresponding PSCCH. That is, 
· The IDs of the TX and the RX UEs.
· The SL HARQ payload (i.e., ACK or NACK).
[bookmark: _Toc127371743][bookmark: _Toc127371744][bookmark: _Toc127371745][bookmark: _Toc127371746][bookmark: _Toc118713584][bookmark: _Toc118726097][bookmark: _Toc127371747][bookmark: _Toc127544520]For a PSFCH transmitted in slot n+k for acknowledging a transmission with corresponding PSCCH in slot n, the PSFCH resources are determined as:
· [bookmark: _Toc127544521]Frequency (i.e., RB or interlace) is given by the index of the sub-channel carrying the PSCCH.
· [bookmark: _Toc127544522]Sequence and CS are given by k, the IDs of TX and RX, and the SL HARQ payload.
4.2	Wideband procedures
	Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission

Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details



Different UEs may support different maximum bandwidth. For example, some high capability UEs can support wideband operation (e.g., 80 MHz) and some UEs can support only single channel operation (e.g., 20 MHz). Existence of different capability UEs may result in interoperability problem due to distributed nature of the SL operation. Therefore, it is important that different capability UEs can coexist in the same resource resources pool without causing any performance degradation. 

[bookmark: _Toc127544492]Different capability UEs must coexist in the same resource pool without causing performance degradation.  
As mentioned in Section 2.1, a resource pool is configured to a UE such that it is within the SL bandwidth part and eventually within the bandwidth supported by the UE. Therefore, a resource pool configured for wideband UE can be larger as compared to the resource pool configured for a narrowband UE. For example, in Figure 13 below, a wideband UE supporting 80 MHz can be configured with a multichannel resource pool, whereas a narrowband UE supporting 20MHz can only be configured with a single channel resource pool. 

[image: ]
[bookmark: _Ref101882112]Figure 13: Multichannel and single channel resource pool
According to Rel. 16 NR SL procedure, many SCI fields (e.g., FDRA field) are determined based on the number of subchannels in the resource pool. Therefore, if different UEs have different resource pool sizes, it will result in increased blind decoding as the SCI sizes used by the UEs will be different. Hence, we propose to use indications that do not depend on the TX pool. 

[bookmark: _Toc127544523]To enable reception by UEs using different BWs, the transmissions parameters that must be known by the RX for decoding are not configured at TX resource pool level. They are configured at SL BWP level instead. 
Also, when the transmission of a TB spans multiple channels, there exist a problem that Rx UE may not be able to receive the SCI indicating the occupied resource allocation if it happens to be in the different channel than the one on which the Rx UE is operating. Therefore, it is important that an enhancement to resource indication via SCI is studied and specified.

[bookmark: _Toc127544493]Rel-16 resource indication via SCI has limitation when operating in wideband mode 2 for transmissions spanning multiple channels. 
To address this issue, we propose RAN1 to specify procedures that allow repetition of (partial or complete) SCI in case a transmission spans more than one channel. 

[bookmark: _Toc127544524]SL-U supports transmitting PSCCH in every RB set used by the corresponding PSSCH (i.e., Option 2 is supported).
Furthermore, to enable communication between UEs with different bandwidth capabilities, it is important that the Tx UE receives the radio access capability of the Rx UE (in a unicast pair) and configures the logical channels associated with the Rx UE with a set of channels, whereas the set of channels is determined from the Rx UE capability information. In other words, data transmission from the Tx UE should be confined within the bandwidth (or channels) supported by the Rx UE. Therefore, we believe that such procedure should be specified. In case of groupcast (and broadcast, if considered for SL-U) mode, the use of TX profile framework specified in NR SL Rel. 16 is a relevant framework to resolve the interoperability issue in wideband mode. 

[bookmark: _Toc102049764][bookmark: _Toc102049815][bookmark: _Toc127544494]RAN2 procedures for the logical channel restriction and TX profile framework are needed to address the interoperability issue in wideband operation. 
4.3	Synchronization procedure
In the last RAN1#109-e and RAN1#110-bis-e, the following was agreed regarding the S-SSB structure and the synchronization process in SL-U:
	Agreement
Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, RAN1 further study the followings:
· Alt 1: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s)
· Alt 2: UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 3: UE can attempt to transmit on all or some of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 4: upon LBT failure on a (candidate) S-SSB occasion, a UE attempts to transmit on the subsequent additional candidate S-SSB occasion if within a period S-SSB transmission has not been transmitted in any prior occasions
· FFS details




One option that was discussed during the previous RAN1 meeting is whether S-SSB can be multiplexed with SL transmissions. In legacy, S-SSB was transmitted on dedicated time resources, meaning that S-SSB was not multiplexed in frequency with other transmissions. In our view, during S-SSB slots the UEs should transmit or receive based on their synchronization status. Any other behavior plays against the SLSS procedure.

[bookmark: _Toc127544525]From a UE perspective, S-SSB is not multiplexed in frequency with other SL transmissions.
Give the importance of SLSS, RAN1 should consider the impact of operating on unlicensed spectrum. More specifically:
· A transmitter may not gain access to the channel at pre-defined times.
· A receiver may have to relax the assumptions regarding the arrival of S-SSB.
Our view is that some of the tools used for NR-U can be considered for dealing with the channel access issues such as failed LBT outcomes. In particular, the use of discovery bursts (i.e., repetitions of S-SSB within a 160 ms period) and defining a S-SSB transmission window (i.e., a set of slots in which S-SSB may be transmitted), provided channel access is granted. We illustrate these two enhancements in Figure 14.

[image: ]
[bookmark: _Ref101858857]Figure 14. Top: legacy SLSS procedure. Middle: A single S-SSB transmission happens every 160 ms, but in one within a window. Bottom: A UE is expected to transmit S-SSB twice every 160 ms in two consecutive slots within a window.
Regarding channel access, we believe that COT sharing between users, for transmission of S-SSB on slots is useful. That is, UE1 gets access to the channel in slot k and transmits S-SSB. This transmission shares the COT with UE2, so that UE transmits S-SSB in a following slot (e.g., in slot k+1). Other channel access aspects related to S-SSB are discussed in [2].
[image: ]
Figure 15. COT sharing between transmissions of S-SSB. UE1 gets access to the channel and transmits S-SSB in the first slot. The COT is shared with a second UE that transmits S-SSB (to be received by UE1) and returns the COT. A repetition of each transmission takes places in the third and fourth slots.
In our view, once S-SSB resources are defined it makes little sense that UEs do not transmit on them.

[bookmark: _Toc127544526]UE attempts to transmit on all candidate S-SSB occasion(s) (Alt. 2).
4.3.1	Wideband aspects
The unlicensed bands comprise multiple channels. In principle, it is possible to access each of them independently, in an asynchronous manner. However, this is not desirable for a highly synchronized system like NR. Thus, we believe that RAN1 should only consider the case that, from SL-U perspective the different channels are synchronized. This would focus the work in RAN1 and, although it would not prevent having asynchronous SL-U in different channels in theory, it would result in a specification that is designed for synchronous operations.
[bookmark: _Toc127544527]RAN1 assumes that SL-U operates synchronously on all the channels of an unlicensed band.
	Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets



As discussed earlier, we believe that the SLSS procedure will play a central role in SL-U operation. Thus, it is critical that all UEs are synchronized, regardless of their TX/RX capabilities. This means that synchronization should be available for UEs that are receiving on a single channel as well as on UEs that are receiving on multiple/all channels. There are two possibilities to achieve this: i) restrict S-SSB transmission to a given channel; ii) require a UE to transmit S-SSB on all channels in which it can do so (i.e., based on TX capabilities, LBT outcome, etc.). In our view, having a predefined channel for S-SSB transmission (and potentially many other pieces of signalling) is not desirable as it would result in an asymmetric utilization of the channel. We think that option ii) works better.
[bookmark: _Toc127544528]A UE transmits S-SSB on all channels if its capabilities support it and channel access is granted.
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	This TX/RX behavior together with the reuse of PSFCH format 0 is suitable for having PSFCH transmissions at the start of a slot.
Observation 2	The legacy structure of the PHY channels, i.e., PSSCH/PSCCH and PSFCH, and the S-SSB are suitable as a baseline for SL operation in unlicensed spectrum.
Observation 3	The GP design needs to be modified in order to enable SL transmission in consecutive slots.
Observation 4	Having dedicated PSFCH resources in every slot (i.e., N_PSFCH=1), in which no other SL transmission can take place is detrimental in terms of UPT.
Observation 5	Having dedicated PSFCH resources with N_PSFCH>1 also reduces UPT and increases the chances that PSFCH cannot be transmitted.
Observation 6	It is desirable to minimize the time between PSCCH/PSSCH and the corresponding PSFCH.
Observation 7	The Rel-16 SL HARQ FB procedure is vulnerable to LBT failure prior to PSFCH transmissions and may force some SL HARQ FB to be dropped unnecessarily.
Observation 8	Different capability UEs must coexist in the same resource pool without causing performance degradation.
Observation 9	Rel-16 resource indication via SCI has limitation when operating in wideband mode 2 for transmissions spanning multiple channels.
Observation 10	RAN2 procedures for the logical channel restriction and TX profile framework are needed to address the interoperability issue in wideband operation.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	RAN1 assumes that a resource pool is always configured following these constraints:
	The resource pool is not configured with a size smaller than the LBT bandwidth.
	The subchannel size cannot exceed the channel size, i.e., 20 MHz.
Proposal 2	The intra-cell guard bands are always an integer number of RBs within the wideband.
Proposal 3	S-SSB slots (Rel-16, Rel-18) are excluded from the resource pool similar as S-SSB slots in legacy.
Proposal 4	The second candidate starting symbol is fixed to symbol 7 (with numbering 0-13).
Proposal 5	No new PSSCH ending symbols are defined for SL-U
Proposal 6	Regarding TX behavior, for PSCCH/PSSCH transmission starts from 1st starting symbol, there is only 1 symbol for AGC purpose.
Proposal 7	No RX behavior for AGC is specified. It is expected that UE implementation matches the TX behavior.
Proposal 8	SL-U does not support a combination of interlace RB-based transmission and contiguous RB-based transmission for PSSCH and PSCCH in the same resource pool.
Proposal 9	In SL-U, each interlace is defined as a mapping by a mapping of RBs in a sub-channel.
Proposal 10	One sub-channel is defined within one RB set.
Proposal 11	When interlacing is used, each PSFCH transmission occupies an interlace.
Proposal 12	In order to meet the OCB and PSD requirements the S-SSB transmissions are interlaced for all S-PSS/S-SSS/PSBCH.
Proposal 13	A UE transmits during the guard period if it intends to transmit in the following symbol (e.g., when using MCSt) if the COT is not exhausted.
Proposal 14	If the GP symbol is not used, then it carries PSSCH symbols.
Proposal 15	CPE is transmitted within the symbol just before the next AGC symbol (Option 1).
Proposal 16	RAN1 to progress further the design of the SL HARQ FB procedure before deciding the value of CPE for PSFCH.
Proposal 17	For PSCCH/PSSCH, transmissions on unreserved resources use CPE. Other transmissions do not use CPE (i.e., CPE value 0).
Proposal 18	For SL-U, there are no slots with dedicated PSFCH symbols. The resources are shared with other SL transmissions. The channel access procedures regulate access to the channel.
Proposal 19	SL HARQ feedback is conveyed by PSFCH on resources derived from the PSCCH/PSSCH transmission (including potential multiple PSFCH occasions).
Proposal 20	PSFCH transmissions take place in symbols 0 and 1 in a slot.
Proposal 21	A TX UE avoids using the first starting point in a slot if it expects a PSFCH transmission by another UE.
Proposal 22	For SL-U, there are multiple PSFCH occasions to acknowledge a PSCCH/PSSCH transmission.
Proposal 23	SCI indicates the number of PSFCH occasions to acknowledge a PSCCH/PSSCH.
Proposal 24	For a PSFCH transmitted in slot n+k for acknowledging a transmission with corresponding PSCCH in slot n, the PSFCH resources are determined as:
	Frequency (i.e., RB or interlace) is given by the index of the sub-channel carrying the PSCCH.
	Sequence and CS are given by k, the IDs of TX and RX, and the SL HARQ payload.
Proposal 25	To enable reception by UEs using different BWs, the transmissions parameters that must be known by the RX for decoding are not configured at TX resource pool level. They are configured at SL BWP level instead.
Proposal 26	SL-U supports transmitting PSCCH in every RB set used by the corresponding PSSCH (i.e., Option 2 is supported).
Proposal 27	From a UE perspective, S-SSB is not multiplexed in frequency with other SL transmissions.
Proposal 28	UE attempts to transmit on all candidate S-SSB occasion(s) (Alt. 2).
Proposal 29	RAN1 assumes that SL-U operates synchronously on all the channels of an unlicensed band.
Proposal 30	A UE transmits S-SSB on all channels if its capabilities support it and channel access is granted.
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Appendix A: simulation assumptions
This appendix describes different sets of assumptions used to generate simulation results.
	Parameter
	Value

	Deployment
	Model
	NR InH mixed office model

	
	Number of UEs
	10 (5 pairs)

	
	Number of interferers
	10 (WiFi)

	Traffic model
	UEs
	FTP Model 3 with varying offered load

	
	Interferers
	FTP Model 3 with varying offered load

	
	Cast mode
	Unicast
Pairing: TX-RX separated by 10 m, at a random angle

	Channel
	Frequency
	5.2 GHz

	
	Bandwidth
	1 carrier, 20 MHz

	
	Model 
	InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	BWP / pool config
	SCS
	30 kHz / 51 RBs

	
	#Subchannels
	4 (12 RBs)

	
	PSFCH periodicity
	1 slot

	TX parameters
	#Transmissions per TB
	Until correctly decoded

	
	DMRS
	2 symbols

	Channel access
	PSCCH/PSSCH
	LBT Type 1

	
	PSFCH
	LBT Type 2

	
	ED threshold
	-85 dBm/MHz

	
	CAPC
	DL Class 4 for data (SL & Interferers)
Parameters from agreed table.
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